Most research directed toward determining the habitat needs of various birds has centered on natural ecosystems, while urban ecosystems have been largely ignored. However, with the rapid expansion of urban and suburban development and the associated modification of habitat, the importance of understanding the relationship of birdlife to urban habitats is evident. Urban parks, especially, provide much potential avian habitat, and offer an opportunity to study the relationships of bird communities to human-induced changes in habitat such as extensive vegetation modification, reduction in size of suitable habitats, disturbance associated with proximity to human populations, presence of buildings, etc.
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My purpose here is to examine some effects of changes in urban parks on bird populations in the Pacific northwest. The hypotheses to be tested are that 1) parks with large tracts of natural forest can support a diversity and abundance of birds comparable to those in natural forest areas, and that 2) modification of the forest and small size of parks are associated with reduced diversity and abundance of birds in urban parks.
METHODS STUDY AREAS
Six urban parks and one natural control area outside the urban influence were used as study areas. The parks represented three types of vegetation: native forest with little or no altered vegetation; parkland where major expanses of forest undergrowth and trees were replaced with lawns, garden shrubberv and trees: and narkland where all subordinate vegetation was cleared, leaving only grass and trees. Two parks of each type were studied, one large (over 40 ha), and one small neighborhood park (less than 4 ha). The parks were all located within the city limits of Seattle, King County, Washington.
Lee Forest, the 61 ha control area, was located about 35 km NE of Seattle, near Snohomish, Washington.
Lee Forest is maintained as a demonstration and experimental forest by the College of Forest Resources, University of Washington, although its present use by University personnel is low. It represents lowland coniferous forest typical of the Puget Sound basin and the Seattle area. It is a 40-to 70-year old Douglas-fir (Pseudotsuga menziesii) forest with extensive understory and ground cover vegetation as well as many fallen logs and dead stumps. The major plant species, and percent cover of each forest stratum, and average tree heights, are shown in table 1. The forest is surrounded by farms, homes on large lots, and other woodlots, and it receives only moderate human use. Although not isolated from human influence, it is well removed from urban areas.
Seward Park represents a large urban forest with little or no modified vegetation.
About two-thirds of its II3 ha is native forest (used as the study area); the remainder is cleared recreation area. The park is located on a large peninsula which juts into a freshwater lake, and its only land connection is a residential area. It is a dense, second-growth Douglas-fir forest with a few scattered mature trees (table 1) .
Understory vegetation and stumps and logs are abundant.
The only evidence of current vegetation modification was the removal of some fallen logs and some shrubs along the foot paths. The park receives heavy recreational use, primarily in the cleared areas.
Northacres Park represents a small park with native forest vegetation. In the study area, trees were relatively evenly spaced, but shrubs and ground cover were confined to definite garden areas. Government Locks Park (3 ha) exemplifies a small park with a garden arrangement of vegetation, similar to the Arboretum.
It is surrounded by residential and business areas and is subjected to very heavy use by visitors to the locks, which form one of the park' s boundaries.
Plant species are both native and introduced (table 1) .
Woodland Park (77 ha) contains a few coniferous trees, but most of the trees are bigleaf maple (Acer macrophyllum) (table  1) . Almost all understory vegetation has been cleared and is replaced by grass and some concrete. This park is located in a residential area and is heavily used by residents of the area for picnicking and other recreation.
Roanoke Park (2 ha, one city block) is located in a residential area and is heavily used. and also introduces other potential errors. In this study, the narrowness of the transect reduced some of the error by eliminating birds seen across open areas in cleared parks. The second major source of error is inherent in the shape of the study area. A long narrow strip has more edge than a more compact plot, and hence there are more problems in determining which birds are actually inside the study area.
Nevertheless, the strip census method has a number of important advantages in this type of study over more accurate, but more time-consuming techniques, such as the singing male (spot-map) method (Anon. 1970).
The strip census method is efficient and allows the researcher to cover more study areas more quickly. The results provide indices of species abundance which are useful when comparing different habitats. The long narrow study transect allows one to cover a larger, more diverse, cross-section of the study area than would a compact plot. Results include all birds, not just breeding pairs. In this study, I did not seek to measure species abundances exactly, but to obtain comparative indices. I wished also to evaluate the occurrence of all species, not just breeding pairs. Therefore, for these reasons, I chose the strip census technique.
The occurrence of each bird species was evaluated both by its abundance and its frequency of occurrence. Abundance was expressed as the mean number of individuals counted per census (762 m of transect ) . Frequency of occurrence was calculated as the percent of censuses in which a species was observed, and was used as an indicator of the longterm occurrence of a species in a certain area.
After evaluating the occurrence of each species, I measured the avifauna of each park in six ways:
1) The total number of species observed in an area.
2) Number of regularly occurring speciesthose species which occurred on at least three of the eight censuses (Lee Forest, two out of four), and which were not known to be spring migrants through the area.
3) Number of "non-urban" species-those which are not typically associated with humans and the urban landscape.
The species which were to be included in the group of "typical urban" species were determined before analyzing the population data. This group consisted of foreign species introduced to the Pacific northwest by man, and wide-ranging native species which are generally more characteristic of urban areas than local forests. The foreign species are the California Quail ( The mean values for the above measures for the six parks were compared statistically by analysis of variance with two-way classification (0.05 significance level).
The F-values thus generated represented the vegetation factor, the park size factor, and the interaction between the two. Mean values for all measures for the control area and the large forest park were compared statistically by the t-test (0.05 significance level).
RESULTS

PARK AVIFAUNAS
Comparison of the composite species numbers and diversity for each study area ( (Melospixa melodia). All of these species were generally more abundant in Seward Park, Lee Forest, and Northacres, and were much less abundant or absent in the parks with extensively modified vegetation.
This pattern was particularly evident for the Winter and Bewick' s wrens, species that were seen only in the parks with natural forest floor vegetation.
The Winter Wren and Brown Creeper ( Certhia familiaris), species usually found only in dense forests with well- Other birds were more abundant and common as clearing and modification of vegetation increased and park size decreased. They included the species listed as "typical urban" 
DISCUSSION
In this study I found a diverse avifauna characteristic of Pacific northwest lowland coniferous forests in a large urban park where this habitat was well preserved. However, in other parks, altering the forest through planting formal gardens or clearing natural brush and reducing park size were associated with decreased overall bird diversity, fewer regularly occurring species, and a greater proportion of species typically associated with the urban environment. These differences, particularly in the balance between the "urban" species and the total species numbers, indicate that not just location in an urban environment was responsible for many of the differences in the associated avifauna. The condition of the vegetation and the size of the park appeared to be important. I did not see major differences between the large urban forest park and the control area, but rather among the parks with different types of vegetation and between the large and small parks. 2B, 3,4) .
My findings at least partially support the hypothesis that diversity of vegetation structure, especially foilage height diversity, is correlated with bird species diversity (H' ) in natural habitats ( MacArthur 1964). Although I did not calculate an index of vegetation structural diversity or foilage height diversity, the presence and condition of the major strata of forest vegetation can be used as subjective indicators of structural diversity. Here, the forest parks represented the most diverse habitats since each stratum (canopy, understory, shrub, ground cover) was well established over the entire area. The garden and cleared parks represented structurally less diverse habitats due to the selective removal of all or part of the vegetation in various strata, especially in the shrub layer. Also, these parks contained few, if any, man-made structures such as buildings, utility poles, etc., features that can be important for increasing habitat diversity in urban areas (Emlen 1974). In this study the significant reduction in bird species diversity (H' ) which followed a change from forest vegetation to either of the two types of modified vegetation (tables 2B, 4) suggests the importance of modifying the structure of forest vegetation. However, the effect of changes in structural diversity between the garden and cleared vegetation patterns is not so clear, since the bird species diversities (H' ) in these two parks types were not significantly different.
The different patterns of distribution of individual species also reflect changes in vegetation structure. Many of the species with decreased abundance in small parks or in parks with more modified vegetation are known to prefer brushy habitats, which were partially or completely cleared in the more modified parks. Clearing of the landscape in these parks also included removal of dead stumps and logs. The Winter Wren is known
